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The Use of POLARIZING MICROSCOPES 


Science has found many 





uses for the optical phenomenon of polar 
fed light—uses char affect an increasing number of industries and 
sciences—uses. that affece che healch, wealth and happiness of the 





average man, It is used in the determination of sugar concentration, 
as a test for strain in glass, to climinate glare in phox 
ustomobile headlights, It has many applications in scientific research, 
and the polarizing inieros.ope is a most useful cool in industry 
This booklet will give you informacion which should prove valuable 
in che fields of petrography, chemical microscopy, and metallogeaphy 
for the study and ident 
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Polarized Light and How it is Obtained 


Ordinary light is said co vibrate in all directions perpendicular 
to its direction of propagation but polarized light is forced to vibrate 
in only one direction, 

The ordinary light delivered to the microscope may be represented 
as in Fig. 1, The behavior of light chat has been polarized could 
then be illuscrared as in Fig. 

Polarized light was first obtained with narural crystals such as rour- 
rmaline, Later methods used black glass refleccors, of highly selected 
material called Polaroid. 
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Fig.2 





A Polarizing Microscope includes a polarizer and an analyzer in 
addition to the optical equipment found in an ordinary laboratory 
icroscope. The light is directed from che micor or built-in base 
illuminator or artached illuminazor 0 the polarizer, where it is changed 
to polarized light. From the polarizer the light passes on through the 
optical system to the analyzer. The analyzer is in a body rube mount 
with its vibration direction ser ar 90° ro that of the polarizer as 
shown in Fig. 4. As a resule of this setting none of the light which 
reaches the analyzer is allowed co pass. The extraordinary tay of the 
polarizer becomes the ordinary ray of the analyzer and therefore is 
blocked our of the field of the microscope. The field appears to be 
black. 

Crystals and some ocher macerials exhibit definite optical properties 
when observed in this eld. The crystals rotate the plane of polarization 
and appear bright or colored on a black background, 
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| Fig. 3 Fig. é 


Crystals and Their Optical Classification 


| An imporranc use of polarized light is the identification of crystal 
: line material. This booklee gives a brief description of the optical prop 
‘erties of crystals which make possible cheir identificarion with a polar 
izing microscope. 
A cryseal is a solid body whose physical properties result from un 
| arrangement of atoms into definite geomecric forms, such as cubes, 
hexagons or rhombohedra, Precipitation, condensation and changes in 
the solid state are common methods of obtaining crystals, 
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Fig. 5 Fig.6 


They ate generally classified under six syscems. However, we are 
more inrerested in optical classification because each crystal has a 
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set_of optical properties which makes its identification possible. 
Optical classification divides crystals into thece groups: 
Isocropic (Isosxial 
Anisocropic (Uniaxial) 
(Biaxial) 

Isotropic is a term co describe macerial which shows no bi-refringent 
Properties or is invisible when observed berween crossed polarizer 
and analyzer. Light rravels through this material at uniform speed 
regardless of the dircction of passage chrough the crystal, 

Lroaxial: Such maretials as glass not under stress, some transparent 
substances and certain crystals are “isoaxial”, because light travels 
through chem in all dieecrions at che sume speed. They are invisible 
berween crossed polarizer and analyzer. ‘These isoaxial crystals are 
identified by derermining their single refractive index by the Becke 
Line Method. 

Anisotropic refers to maretial which appears alrernately bright and 
dark when rorared berween crossed polarizer and analyzer. Light travels 
through this material at different speeds, depending upon the ditec- 
tion in which ic passes through the crystal. 

Uniaxial Crystals: tx uniaxial crystals, light is said to eravel ac a 
Aefinice speed when parallel ro one axis, At an angle co this axis the 
speed is different. These crystals are anisotropic, appearing alternately 
bright and dark when observed between crossed polarizer an. 
‘They have two refractive indices. Quartz crystals, starch 
fused sodium nitrare are a few uniaxial substances, Uniaxial matetial 
may be identified quickly by inserting che Bertrand lens* and observing 
a definice pactern, called an interference figure, appearing ss a large 
black cross ar the center of the field with colored concentric circles 
proceeding ourward from the center. 

Biaxial Crystals In biaxial crystals, light cravels at different speeds 
in the direction of the wo axes. These crystals are anisosropic and 
have three indices of refraction which ate determined by the Becke 
Line Method. Boric acid, Salpbonal, Topaz and Kyanite are a few 
biaxial macerials. These crystals have several characteristic interference 














“Bertrand lens concscopicaliy beings inserfetence face 10 focus in focal plane 
‘of eyepiece. Insesieceace figures can also be scen by removing eyepiece and 
observing. with naked eye, throuch small apertures. 
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Fig 10 Fig. 1 





figures which are observed by using the Bertrand lens and crossed 
analyzer and polarizer. 

Ic is nor possible to explain the theory of these characteristic figures 
here, However, one or another of these figures will be observed de 
ending upon how the crystal is oriented with reference 10 its optic 
axes. 

‘This method of classifying crystals is used by all chemical micro- 
scopists, metallurgists and pecrographers who actually identify un 
known materials, The chemical microscopist sometimes is more incet- 
ested in the presence of crystals tacher than in theit identification 
‘The polarizing light fearure is all thar is necessary for making this 
observation. This is the reason why chemical microscopes usually 
are not equipped with a Bertrand lens. 

Ir is quite impossible to enter upon a complete scientific explana- 
tion of all the opcical characteristics of cryseals in this manual, The 
main optical properties of crystals, as investigated by petrographets 
and, in some cases, chemical microscopists, are described in che various 
text books on the subject. 





Explanation of Optical Characteristics 


Other properties of crystals are explained below. They are as fol 
lows: — 


1. Refractive Index 5. Extinction Angie 
2. Opric Sign 6. Birefringence 

3. Sign of Elongation 7. Pleochroismm 

4. Optic Axial Angle 


1. Refractive Index: Refractive index is a measute of the refraction 
of bending of light rays as they pass, ar an oblique angie, from one 
medium to anorher, for example glass to air, ait ro water. 
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Mathematically, the refractive index is equal co the sine of the 
angle of incidence over the sine of che angle of refraction. 
Sine 1 





Index of Refraction = = 





The refractive indices of a few common substances are:— 
Air 1,000 Canada Balsam 1.537 “cooked” 
Water 1333 Raw Balsam 1,525-26 liquid 
Clove Oil 1.530 Quart 1544 & 1.553 


Methylene lodide 1.740 


Ue 






Air 


Fig. 12 


Becke Line Method—Io crystal analysis the index of reftaction is 
decermined by the Becke Line Method. The crystals are immersed in 
il on a microscope slide whereupon a concentraced bright line ap- 
pears around che edge of the specimen. As the body tube of the micro- 
scope is slowly raised the bright line shifts toward the medium of 
higher refractive index, either the oil or the crystal. By crial and error 
method an oil will be found in which the crystal disappears. (A 
similac condition exists when a glass rod is immersed in a bottle 
of cedar wood oil.) The index of refraction of the specimen is recorded 
as the index of the oil which is known. 

2. Optic Sign: To explain the optic sign of a crystal ic is necessary 
10 recall the fact that light is split into rwo rays traveling at different 
speeds when it encers certain crystals. One of these rays is called che 
ordinary sey (O) and the other the exttaocdinary ray (E), Fig. 16. 
‘When the ordinay say travels faster than the extraordinary, the 
‘aystal is positive; when the opposite is crue, the crystal is negative. 





In practice the quartz wedge, selenite plate or mi 
co determine the optic sign of the crystal. 

3. Sign of Elongation: Many minerals and crystals specimens are 
elongated along one axis and appear like long needles or rectangles. 
Some of these shapes may be illustrated as in Fig. 13. The axis along 
which the crystal is elongaced will determine its sign of elongation, 
positive or negative, The selenite plate or mica plate may be used for 
this determination, Further informacion appears in later pages. 
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Fig. 13 


plate may be used 





4. Optic Axial Angle: The term optic axial angle refers to biaxial 
caystals only and is an important factor in ehe identification of these 
crystals, The optic axial angle is the angle between the rays of light 
which follow the wo optic axes of the biaxial crystals. This char- 
acteristic is denoted as 2V in the description tables, for instance 
2142, 











5. Extinction Angle: Uniaxial and biaxial crystals are extinct for 
certain positions under the microscope when observed berween crossed 
analyzer and polarizer. The angle through which a crystal must be ro- 
taced from a position parallel with a cross hair to its extinction posi- 
tion is its extinction angle. This is measured by reading the scale on 
the rotating stage. 
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Fig 15 Fig. 16 


6. Birefringence: Bicefringence is the property of a crystal ro sepa- 
rate the ewo polarized rays of light resulting from the original single 
ray of normal or noa-polarized light; thac is, che ordinary and extra- 
ordinary ray. A crystal of calcite may be used two demonstrate this 
phenomenon. By placing the calcice crystal over 2 single doc, two dots 
will be observed. As the crystal is roraed, one dot will remain station- 
ary and the other will roeate around it. The image of the stationary 
dot is produced by the ordinary ray, the ocher by the extraordinary 
tay. This phenomenon is also called double refraction. 

The difference between the index of refraction for the ordinary and 
the extraordinary ray of the crystal is a quantitative measure of its 
birefringence. For Exampie: 


Difference Between 


Cryttals Indices Birefringence 
Cerussire 273 Strong 
Quarre 009 Weak 


7. Plesebroism: Pleochtoism is che propery of certain ceyscals to 
absorb some wave lengths of light more chan ochers regardless of 
‘optical characteristics. This results in a variation in the color of the 
trystal as it is rotated under che microscope. 


Preparation of Crystalline Materials 


Some crystalline materials are already in convenient form for idenci- 
fication with a polarizing microscope; others must be prepared, 

A teprescatative sample of solid crystalline macerial, such as a geo- 
logical or mineralogical specimen, must be crushed in a diamond steel 
mortar, This breaks the mass into fine crystals which ate then selected 


bby screening through a. 100 mesh onto a 200 mesh screen, the screens 
being of small size such as 3” or 4” diameter. 





A comparatively small number of the selected crystals are mounted 
in a liquid of known refractive index on a glass slide. The liquids 
commoniy used in making a sec of known refractive indices are water, 
kerosene, glycerine, cedat oil, clave oil, cassia oil and methylene iodide. 
The index of refraction of ewo oils mixed cogether is measured by 
means of the refractometer. The usual procedure in mounting is to 
place one or 1wo drops of oil ia che center of the glass slide and tap 
the crystals into the oil from the end of a small blade or spatula. 
Gare should be caken nor ro clurrer che field with crystals because this 
confuses the petrographer in ascertaining correct optical properties, A 
cover glass is chen placed over the crystals and the sample is properly 
mounted for microscopic examination. 

The preparation of massive crystalline specimens in thin sections 
for examination under polarized light is a more difficult cask. It con- 
sists of grinding one surface perfectly flat, mounting che specimen on 
the glass slide in melced balsam, and grinding the rough side until 
the sample is from 20 to 40 microns chick. This is necessary in order 
co bring our detail in the seructure of che specimen. Three or more 
‘grades of carborundum are ased in the hand grinding operation, the 
finest being No, 600, After grinding is compleved, a litle Canada 
Balsam) is melved on top of che specimen and a cover giass pressed 
carefully into the balsam, The result is a permanently mounted thin 
section, 


Microscopic Identification of Crystalline Material 


In order to determine che optical characteristics of crystals, the 
following steps are recommended: 

1. Optical Classifications: The ceyscals should be placed on the 
stage berween crossed polarizer and analyzer, the auxiliary lens swung 
in and a 3.5X, 5X or 10X objective brought into position. If no color 








appears as the stage is rotaced, the marerial is said to be isotropic, 
However, if color does appear in the black feld, rhe crystals are said 
to be anisotropic, 

Isotropic crystals ate identified by rotating che analyzer to “out” 
position, swinging in auxiliary condenser and using a 3.5X, 5X or 
10X objective. This shows the cryseal in plane polarized light and the 
index of refraction is measured by the Becke Line Method, 

In classifying anisotropic crystals as uniaxial or biexil, it is neces- 
sary (© swing out the auxiliary condenser, insere the analyzer and the 
Bertrand lens, and use a 20X, 43X of 97X objective, The ctyseal 
muse be brought directly under che cross hair to obtain the proper 
interference figure. A uniaxial figure appears 28 4 sce of concentric 
colored citcles with » black cross in the center of the field. Fig. 8, 
Page 7) A biaxial Figure consists of oval rings around rwo datk spocs, 
the field being crossed by two hyperbolas as che stage is rocated, 
(Figs. 9, 10 and 11, page 7) 

2. Refractive Index: "The refractive index of anisotropic crystals is 
determined by the Becke Line Method. Uniaxial crystals have «wo 
indices; biaxial have theee indices, 

3. Optical Sigu (+ of —): The optical sign of a uniaxial crystal 
may be determined by swinging out auxiliary condenser, inserting an- 
alyzer and Bertrand lens, and placing either the quartz wedge, quarter 
‘wave plate or full wave (st order ted) plate in the slot for compen- 
sators, When the quartz wedge is used, the direction in which the color 
Curves move outward on inserting the wedge, the thin end of the 
wedge entering first, makes the sign with the slow tay of the wedge 
shown by che arrow, 





right angles to the arrow if the crystal is positive. When the Ise 
order red plare is used, the line joining che quadtants in which the 
yellow color appears shows the sign in the same manner as above. 
The determination of the sign of biaxial depends upon several 
‘other considerations which are too involved to be presented here. 
4, Sign of Elongation: The analyzer should be thrown in snd a 
10X or 43X objective should be used. The “Sst order red” plate (selen- 


ice) is inserted in the slot for compensators and the center of the 
crystal is see at the center of the cross haits, Then the crytsal is rocaced 
until its elongated axis is parallel with the arrow on the place. IF che 
crystal appears yellow, its sign of elongation is negative. If it appears 
blue, the sign of elongation is positive, 

5. Optic Axial Angle: The optic axial angle of biaxial crystals is 
observed by swinging our auxiliary lens, using analyzer and Bertrand 
fens. A quancicacive measure of this angle may be obtained by using 
an apertometet plate, a coordinate grating in a special eyepiece, or an 
objective with a calibrated iris diaphragm, 

6. Extinction Angle: The extinction angle is measured by using 
the analyzet and rotating the ctystal from a position parallel with 
the coss hairs until ir appears black, (See Fig, 15, page 10) 

7. Birefringence: Birefringeace may be measured by means of a 
‘graduated quartz wedge and by referring to Newton's color scale or 
Levy's chart 

8. Pleochroism: The auxiliary lens should be placed in the path of 
light and analyzer “out” to determine pleochroism. If the crystal exhibits 
two extremes of calor asic is roxated, itis called dichtoic; three, etichroic 
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Procedure for Adjusting Pola 




















The final inspection of Polariting Microscopes as followed by our 
Inspection Department is described in this bulletin. The steps are 
given in the proper order. These instruments may get out of adjust. 
‘ment especially when being used by students and should be checked 
over frequently. To make a complete test of the instrument, the fol- 
lowing slides are necded. 


roscopes 





Stage micrometer 3. Bichloride of Mercury cryseals 
. Thick quartz section 4, Thin quarte section 
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Proceed as follows: 

1, Center objectives: The objectives on Polarizing Microscopes 
must be accurately centered. When the objectives on quick-change 
nnosepieces are interchanged, the cencer of the cross hairs must fall 
at exactly the stme spot as in the previous case. Use the stage microm: 
ter, 10X eyepiece and scare the centering with che 10X objective. Move 
the stage micrometer until the cencer of the cross hair lies within an 0 
(Fig. 17). If necessary the cencering screws are used 10 bring abou this 
condition. Next, center the highest power objective and without mov- 
ing the slide, excepe for rotation of che stage, center all other objectives 
to the same point. 


Fig. 17 





2. Eyepieces: Check the centering of eyepieces while che microm: 
eter is still on the stage, using a 16mm. objective. The eyepieces are 
centered and the cross lines of all eyepieces muse be parallel. Eyepieces 
ate carefully selected and inspected at che factory. 

3. Bertrand Lens: ‘The Bertrand lens muse be checked for clear 
focus and centering. Sec polarizer and analyzer in “crossed” position, 
Place a thick quarce section on the stage; open both condenser dia 
phragms; swing our the auxiliary condenser; use the centered 4mm. 
objective focusing close co the upper surface of quartz section; insert 
the analyzer and rotare it until the field appears black; throw in the 
Bertrand lens. Focus this lens on the interference pattern. The pattern 
should appear as sharp, colored, concentric rings with a large black 
cross passing through the center of che field. The cencer of the incer- 
ference figure should lie ac the exact center of the cross hairs of the 
eyepiece. 

4, Center Substage: The substage condenser mount must now be 
accurately centered in order co have the entice optical system in per- 
fect alignment. Remove the slide; use 43X objective, 10X eyepiece, 
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the analyzer and Bercrand lens. Set the analyzet at “out” for this opera- 
tion to allow light to pass through the system. Swing in the auxiliacy 
condenser, close che iris diaphragm of the condenser and focus on this 
diaphragm by means of focusing Bercrand lens. If ic is noc cenceced, 
recencer by means of the condenser mount sccews which move the 
entire substage in ics ring. 

5. Proper Setting of Polavizey: Only in care cases does the polatizee 
get out of adjustment. However, the following procedure is valuable 
as a check, Place a slide of bichloride of mercury crystals on the stage, 
use the 10X objective, 1X eyepiece and swing in the auxiliary con- 
denser, Select a straight, elongated crystal and make chis ctystal coin: 
cide with che cross hair, Use analyzer at zero. The crystal should appeat 
biack, or practically invisible in che field of the microscope. 
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Fig. 19 
Fig. 18 F + 

6. Analyzer Sesting: ‘The analyzer may possibly get our of adjuse- 
mene and should be set in the proper relationship co che polacizet. 
Remove both che objective and the eyepiece, swing in che auxiliary 
condenser and insere the analyzer into the body eube. Rotate the an- 
alyzer until the field appears dark. The analyzer is correctly set if this 
maximum darkness results when ic is sec ar zero. The slightest move- 
ment of the analyzer off zero should cause the field co become brighter. 
IE the analyzer is off, ic must be rorated in ies mount uncil the proper 
relationship exises 

7. Fall-Wave Plate: (Somecimes referred © as Gypsum ot Selenite 
plate). Ic is a simple maccet co check the orientation of the Full-wave 
place, Place a thin quartz section on the stage, use the 43X objective, 
10X eyepiece, Bertrand lens, analyzer and place the auxiliary condenset 
in “out” position. Insert the sefenite plate in the slot for compensators, 

Check to see that che arrow engraved on the plate is in che dieec- 





1s 








tion as indicated. If this is rrue, yellow spors should appear near the 
center of the cross in quadrants 2 and 4. 
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8. Quarter-Wave Plare: Remove the fall-wave plate and insert che 
quarter-wave plare, (sometimes referred t0 as Mica plate) Two black 
dots should appear in quadtancs 2 and 4. The line joining these dors 
makes a 45° angle with the cross hairs. 

9. Quartz Wedge: To check che quartz wedge, remove the thin 
quarre section from the stage and replace it by a thick quartz section, 
Tosert the wedge in the slot thin edge first, the arrow on the wedge 
marking che thick end, As the wedge is inserted, the color carves 
should shift outward in quadrants 2 and 4 and contract toward the 
center in quadrants 1 and 3. The direction of the arrow on these thtee 
accessories matks the ditecrion of vibration of the slow ray of the 


plate. 














The Care of the Microscope 


Successfel microscopy requires skill and the proper care of the 
instrument, The microscope is a precision instrument made from 
valuable materials by expert workmen. With reasonable care it will 
fase a long time, bur a single bit of catelessness may ruin it, 

The microscope should be cartied by its arm and, when nor in use, 
should be placed in its case or properly covered to protect it from 
dust. When the microscope is brought from a cold ro a warm room 
it should be allowed ro warm up gradually before being used. 

‘The lenses must be kept meticulously clean. Dust should be loosened 
and brushed off with a camel's hair brush and the lens cleaned with 
fens paper. Optical glass is generally softer than window glass and is 
easily scratched by ordinary cloth or when dust particles are not re- 
moved before polishing. Special lens paper is available and i is poor 
‘economy not t0 use it. 

Dust on the eyepiece lenses is seen as specks which rotate when the 
eyepiece is turned while looking through it. Dire on the objective pre- 
vents clear vision and the object appears as if ic were in a fog. If a 
‘wet preparation rouches the objective lens, the lens will have to be 
cleaned before one can sce clearly through it. An eyepiece should al- 
ways be kept in the tube to prevent dust from collecting on the back 
Tens of the objective or on the prisms. If it does collect there, clean 
ic off carefully with a camel's hair brush or blow ic off with an aspirator. 
‘An all-rubber ear or infants’ enema syringe, obtainable ax most drug 
stores, is « useful aspirator. Do nor use one with a metal rip t0 avoid 
scratching che glass surfaces. 

Should dase settle on the prisms or on the glass protection plates 
of the binocular body, blow ic off with air from an aspiraror. Blowing 
the breath on lenses will cover them with minute drops of saliva which 
are removed from the lens with difficulty. Compressed air from labora: 
tory pipes may contain rraces of moisture or of oil from the compressor, 
and should noc be used unless an absorbent cotton filter is placed 
‘on the discharge tube. 

If the field does nor appear clear, it is well co examine che lower 
surface of the objective with a magn 
to the lens may then be seen easily. 
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Objective lenses are carefully adjusted at the factory, and should 
f0¢ be taken apart excepe where they have been made ro separate (¢.g, 
the divisible 16mm objective and the older style immersion objective 
with funnel stop). The definition depends on all of the component 
lenses being centered and the right diseance from each other. If they 
must be taken apart, it should be done ar the factory where faciliries 
are available for testing the reassembly. 


The dry objectives, the condenser, and che eyepieces may be cleaned 
with distilled water when a liquid is necessary; an immersion objec: 
five and condensee top lens with xylene. Only the smallest amount of 
solvent should be used and the Jens should be wiped dry with fresh 
Jens paper immediately after cleaning. Should che immersion oil be- 
come gummed on the lens ir should be cleaned of with rhe least 
amount of xylene and then the excess wiped off promptly with lens 
paper. Do nor soak the lens with xylene or other solvent because the 
mounting of che lenses may be damaged if it gets beyond the seal of 
the front leas into the objective 

Extreme cate should be used in cleaning the suefsces which have 
Americoce oe other anti-ret 
these are exposed, is to gently brush off the ditt. using 2 soft camel's 





on coarings. The best procedure, where 








sian of coarse Jocesing kwobs 
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huaie brush. When this does not clean dhe surface of prisms, they should 
be cleaned only by a comperent person. The coated suefaces ate softer 
and more readily damaged than the uncoared surfaces of ordinary lenses. 
In cwopical regions mold will grow on diry lens surfaces when the 
tclative humidity and temperature exceed 80°F, When the opcical sur- 
faces are kepe clean, cold growth can be avoided, ot minimized, by 
keeping the optics in a dessicatot, or che microscope in a warmed 
cabinet. Other suggestions include the ase of radium or fungicides. 


‘The surface of the microscope is finished with enamel or metal 
plating and requires lirle more care chan keeping ic clean and free 
from dirt. These nishes resist most laboratory chemicals and ordi- 
sarily a little mild soap and water is all chat is necessacy for cleaning. 


‘The slides of the rack and pinion should be cleaned occasionally 
with a small amoune of oi! or light grease. The fine adjustment does 
10: requite oiling. After a time wear may make the coarse adjustment 
tutn too easily ro support rhe body cube. To increase the tension grasp 
the control kaob of the coarse adjustment with the righ hand and cum 
the knobs in opposite directions, Fig. 24. To reduce the friction turn 
the knobs ia che other direction. A similar adjustment is possible for 
the substage adjustments of the Microscar Microscopes. (With former 
models the paited screws at che top of the stand may be rightened 
slightly to give sufficient friction to bold the body tube properly.) 

Cateless handling or dropping may disturb the adjustment of the 
‘optical parts of che microscope. If che instrument does not seem ro 
perform properly and there is no dirt on the objective or che eyepiece, 
ir may mean thar some of the prisms have become shifted, Do not 
sattempe ro adjust any of rhe prism systems but rather send the instru 
ment to the factory where tools and tests are available for adjustment 
and for making certain thac the adjustment has been done properly. 

Testing microscope lenses is a difficult rask, and one which should 
only be attempred by a skilled microscopist, Instructions for the use of 
est plares and vest objects ace given by Beck (1938), Belling (1930), 
and Spitta (1920). Adequate comparison requires the bese illumina- 
tion and adjustment of the microscope and considerable experience 
with lenses of different quality so char definition and abercations may 
be evaluated. 
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Autofocus 


Aurofocus prevenes damage co objective and reduces slide and cover 
glass breaksge ... also, faciticates rapid study of slides or seties of 
slides. 





Fie, 25. Autofocus mechanism adsl with 
Allen Wrench, 


How to Use Autofocus 


Insert specisnen slide and rack up stage to coutse adjustment stop. 
Critically focus with fine adjustment . . . microscope is now in Auco- 
focus for all objectives, To use oil immersion objective, simply rack 
down srage and place drop of oil on slide, Rack up stage ro coarse ad. 
justmenr stop , . . oil immersion objective is in oil contact and micra- 
scope is still in focus subject ro minor corrections with fine adjustment 
due to thickness of specimen, 

‘The Autofocus mechanism is built-in and can be adjusted with » 
1/16" Allen Wrenct furnished with the microscope. The wrench is 
insetred in the opening just back of the srage (fig. 25), and turned to 
limit the excursion of the coarse focusing control. 
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